We explore the recently observed Ξ b (6227) − resonance to fix its quantum numbers. To this end, we consider various possible scenarios: It can be considered as either 1P /2S excitations of the Ξ . We calculate the masses of the possible angular-orbital 1P and 2S excited states corresponding to each channel employing the QCD sum rule technique. It is seen that all the obtained masses are in agreement with the experimentally observed value, implying that the mass calculations are not enough to determine the quantum numbers of the state under question. Therefore, we extend the analysis to investigate the possible decays of the excited states into Λ 
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I. INTRODUCTION
The theoretical studies of the heavy baryons involving their spectroscopic parameters and the interaction mechanisms improve our understanding on the nonperturbative regime of the strong interaction, as well as their nature and internal structure. As a result of the impressive developments in the experimental sector in the last decade, almost all of the ground state baryons with single heavy quark were observed [1] [2] [3] [4] [5] [6] [7] [8] [9] .
The spectroscopy of the heavy baryons containing b quark has been investigated within different models. These approaches include the quark model [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , the QCD sum rule approach [20] [21] [22] [23] [24] , lattice QCD [25] , 1/N c and 1/m b expansions [26] and Faddeev approach [27] . To gain deeper understanding on the single bottom baryons, their properties such as magnetic dipole moments and strong decays were investigated in Refs. [28] [29] [30] [31] [32] [33] . In Ref. [34] , their strong and radiative decays were studied using the constituent quark model.
The quark model predicts existence of many new baryons with one, two, or three heavy quarks. The impressive developments in the experimental techniques indicate that more heavy baryons would be observed in near future. With this motivation and the motivation brought by the recent observation of the LHCb Collaboration [35] , we investigate the masses and decay constants of the low-lying 2S and 1P excited Ξ b baryons having J = − state may be 1P or 2S excited baryon (see also [35] ). After this observation, this state is considered in Ref. [36] and its mass and strong decays were analyzed. The obtained results indicated the possibility of its being a P -wave state with J P = − . It is clear that to identify the characteristics of this baryon, more studies are necessary. In this study, we aim to identify the properties of the Ξ b (6227) − state by using QCD sum rule method [37] [38] [39] . This method serves as one of the powerful nonperturbative methods. In the calculations, the observed state is considered as 1P and 2S excitations of the ground state Ξ b baryons having J = . We obtain the decay constants and masses of the 1P and 2S excitations for each case. In the quark model's notations, these states are represented by 1 2 P 1/2 , 2 2 S 1/2 , 1 4 P 3/2 , and 2 4 S 3/2 . For simplicity, we denote these states as J P = 1/2 − , J P = 1/2 + , J P = 3/2 − , and J P = 3/2 + , respectively. Moreover, we discuss the strong transitions of the Ξ b (6227) − to Λ 0 b and K − as well as to Ξ 0 b and π − . To this end we use an extension of the traditional QCD sum rules method, namely the light cone QCD sum rule (LCSR) technique [40] [41] [42] . In the LCSR, the time-ordered product of the interpolating currents is sandwiched between an on-shell state and the vacuum. The on-shell state in the present work is either K or π meson depending on the considered transition. Again taking into account the 1P and 2S excitation possibilities for Ξ b (6227) − state, the related coupling constants and decay widths are obtained for the mentioned transitions. The results are compared to the existing experimental ones with the aim of better determination of the quantum numbers to be assigned to the Ξ b (6227) − state.
The outline of the article is as follows: In Section II, we derive the QCD sum rules for the masses and decay constants of the Ξ b (6227) − with the possible quantum numbers J P = 1 2 ± and 3 2
± . This section also contains the numerical values obtained for masses and decay constants of considered states which will be used as inputs in the following section. In Section III, within light cone QCD sum rule method, we obtain the coupling constants for the considered transitions with possible configurations assigned to the Ξ b (6227) − and present the results obtained from the analysis. This section includes also the decay width calculations for the considered transitions. Section IV is devoted to the summary and discussion of the results.
II. SPECTROSCOPIC PARAMETERS OF THE Ξ b STATES
In this section, the details of the calculations for spectroscopic properties, i.e. masses and decay constants, of 1P and 2S excited Ξ b states are presented for three different total angular momentum J possibilities. The calculations for all three considerations are performed using the QCD sum rule formalism which starts from the following correlation function
The correlation function is written in terms of the interpolating current of the considered state, i.e. the current J B(µ) corresponding to the considered J = 1 2 ( 3 2 ) state, which is formed using quark fields and considering the quantum numbers of the state. The sub-index B represents one of the states,
). We will use the following interpolating currents in the calculations: a) For J = 1 2 particles:
b) For J = 3 2 particles:
The indices a, b, and c in the current expressions are used to represent the color indices, C is the charge conjugation operator, and β present in the J = 1 2 currents is an arbitrary parameter. In QCD sum rule calculations, we calculate the correlator in two ways. In the first step, it is calculated in terms of hadronic degrees of freedom, considering the interpolating fields as operators annihilating or creating those hadrons. This side is expressed in terms of hadronic degrees of freedom and denoted as physical or phenomenological side. For the calculation of this side, complete sets of hadronic states with the same quantum numbers of the considered hadrons are inserted in the correlation function. As a result we have
and
when the 1P and the 2S excitations are considered, respectively. Here m, m and m ′ are the mass of the ground, 1P and 2S excited states of the Ξ b baryons, correspondingly. J B(µ) represents either the current J B of J = 
For J = 3 2 case, we obtain
where, the first and second equations for each case belong to the 1P and 2S excitations, respectively. Note that Eqs. (10) and (11) are used as common formula for both J = • The masses of the other possibilities and decay constants for all the states under consideration are determined similarly and presented in Table II . From this table, it follows that the masses of the considered states with J P = 1 2
± are all very close to each other and therefore the mass determination is not enough to identify Ξ b (6227) − . Hence, in the next section, we extend the analysis and obtain the widths of the considered excited states decaying to Λ 
− as 1P or 2S excitation state of one of the ground state Ξ
In calculations, the LCSR method is employed. The starting point of this method is consideration of the correlation function given as
In this correlation function, J B(µ) represents one of the currents given in Eqs. (2) and (3) and the calculation of this correlation function will be carried on for each current given there, considering again both possibilities of being 1P or 2S states separately. The index (µ) is used only for transition of J = 
and for J = 3 2 we obtain
Again note that, in these equations, B(B * ), B( B * ), and B ′ (B * ′ ) represent the ground, 1P and 2S excitated states corresponding to each considered ground state baryon. Here, p ′ = p + q and p are the momenta of these baryons and Λ b (Ξ b ) baryon, respectively. The contributions of higher states and continuum are represented by dots. Now, we have some additional matrix elements in Eqs. (19)- (22) . For J = 1 2 baryons, these matrix elements are determined as
and, for J = 3 2 baryons, they are parametrized as
where, in Eqs. (23) and (24) g's with various indices denote the strong coupling constants of the corresponding baryons with pseudoscalar mesons. Inserting these matrix elements into Eqs. (19)- (22) and applying summations over spins given in Eqs. (8) and (9), for physical sides of the correlation function, we get
The function T αµ is given as
To suppress the contributions coming from the higher states and continuum, a double Borel transformation with respect to −p 2 and −p ′2 is performed. As a result, we get
where, M ± scenarios, we also need to calculate the theoretical sides of the correlation function, Eq. (18), with usage of the related interpolating currents, explicitly. Similar to the previous case after the possible contractions made using Wick's theorem between the quark fields of the interpolating currents, the results are expressed in terms of light and heavy quark propagators. Besides the propagators, we need matrix elements of remaining quark field operators between the K(π) meson and the vacuum. These matrix elements, whose common forms can be written as K(π)(q)|q(x)Γq(y)|0 or K(π)(q)|q(x)ΓG µν q(y)|0 with Γ and G µν being full set of Dirac matrices and gluon field strength tensor respectively, are parameterized in terms of K(π)-meson distribution amplitudes (DAs). Nonperturbative contributions are attained by exploiting these matrix elements as inputs in the calculations. The explicit form of these matrix elements are present in Refs. [48] [49] [50] [51] . Again, considering the same structures in the physical and the theoretical sides and matching the coefficients of the same structures in both sides, performing the Borel transformation and continuum subtraction using quark hadron duality assumption, we obtain the QCD sum rules for the relevant coupling constants as
where BΠ Table I are used. Since the masses of the considered baryons are close to each other, we choose M
entering the calculations, which leads to
Moreover, for all of the auxiliary parameters, we adopt the values obtained in the mass and decay constant calculations only with one exception. Using the OPE series convergence and pole dominance conditions for working region of M 2 , in this part, we obtain
Again to illustrate the sensitivity of the results to the auxiliary parameters, we pick out the coupling constant g Ξ b Λ b K for the transition of 1P excitation of Ξ b (5955) − baryon to Λ b and K final states and present the dependence of the corresponding coupling constant on M 2 and s 0 in Fig. 2 . Similarly, we perform the analyses for all the coupling constants under consideration. Our final results for the relevant coupling constants are presented in Table III . The obtained coupling constants are used to extract the corresponding decay widths. The decay width formulas for 1P and 2S excitations for the J = (GeV The state B(J P )
6.7 ± 1.5 0.06 ± 0.01 
and Γ (B
The similar decay width expressions for the J = 
The function f (x, y, z) appearing in the decay width equations is defined as f (x, y, z) = 1 2x
The numerical results for the decay widths are also presented in Table III . In this table, we also present the total width values as a sum of the considered transitions in each case. Comparing our results given in Table III to that of the experimental width, which is Γ Ξ b (6227) − = 18.1 ± 5.4 ± 1.8 MeV [35] , it can be seen that the state with J P = 3 2 − scenario nicely reproduces the experimental width value. At the end of this section, we would like to have a comment on the heavy quark symmetry partners. In heavy quark effective theory (HQET), the heavy quark decouple with light quarks in the leading inverse heavy quark mass expansion. Therefore, properties of baryons with one heavy quark are determined with the properties of light quarks (so called diquark). The properties of P -wave baryons and their interpolating currents were systematically studied in [52, 53] . Using the same notations given in these studies, the heavy baryons belonging to the baryon multiplet are characterized by the set of the quantum numbers [F, j l , s l , ρ/λ], where F means antitriplet or sextet representation of SU (3) F , j l and s l are the total angular and spin momenta of the diquark, and ρ and λ denote the ρ type (l ρ = 1, l λ = 0) and λ type (l ρ = 0, l λ = 1), respectively. Here, l ρ is the orbital angular momentum between two light quarks and l λ is the angular momentum between heavy quark and diquark. As a result, for the antitriplet negative parity baryons for instance, the following heavy quark symmetry partners are obtained:
The strong decay widths of these states are calculated in [52] .
IV. CONCLUSION
The present work covers an investigation on the nature of the recently observed Ξ b (6227) − baryon. To get the information about the possible quantum numbers of this state, three different ground state particles, namely Ξ − are considered. The investigations were conducted focusing on their angular-orbital 1P and 2S excitations. With this orientation, we first calculated the corresponding masses and decay constants for all these excited states using the two-point QCD sum rule formalism. It is obtained that the sum rules predictions on the masses for all the considered scenarios are very consistent with the experimental mass value. Hence, only mass considerations are not enough to determine the quantum numbers of this state. Therefore, to get extra information about possible quantum numbers, we also studied the strong decays of all the considered states to Λ . They are obtained as
where the expressions, ρ 1(2) (s) and Γ 1(2) are given as: 
